We report the results of thermal wave measurements of corrosion thinning on painted metal aircraft belly skins. We have developed algorithms to compensate for irregular variations in paint thickness. These algorithms have been successfully blindtested on a DC-9 belly skin.
INTRODUCTION
Although thermal wave imaging had been shown to be highly accurate in measuring the thickness, and hence the amount of metal loss due to corrosion, of unpainted aluminum, the practical application of the technique to painted aircraft was prevented by the lack of a reliable method for correcting for the effects of the paint. One might expect that this difficulty could be circumvented by the use of a calibration method that used painted aluminum panels of various thicknesses. However, this simple scheme fails for two reasons. First, there are large variations in the thermal properties of aircraft paints, even among different batches of paint that are supposedly identical. Second, aircraft that have been in service for any significant length of time have had their paint retouched and patched many times. These paint repairs sometimes involve removing the original paint, but apparently are accomplished more often by painting over the original. The resulting collection of spray patterns, brush and roller marks, and overlapping repairs produces wild variations in both the thickness and the thermal properties of the paint. In this paper we present the results of a blind test of algorithms which were developed at Wayne State University to solve this problem. The test was performed at the FAA's Aging Aircraft NDI Validation Center (AANC) in Albuquerque. It involved the detection and quantitative measurement of a number of patches of rear surface corrosion on the belly skin of a DC-9 aircraft. The results of these metal loss measurements are presented and compared with ultrasonic measurements on the same patches.
EXPERIMENTAL TECHNIQUE
The experimental procedure is the standard thermal wave method, in which high power flashlamps inject a pulse of heat into the surface of an object while its surface temperature is being monitored by an infrared video camera. The camera serves to provide a time history of the temperature rise and decay during and after the flash. Our algorithms for quantifying rear surface corrosion involve the use of the details of this time history to measure the thermal time delay of the thermal wave signals in the paint, and thus to provide a means of correcting for both its thickness and thermal properties. Figure 1 shows a thermal wave image of an area on the AANC's DC-9 which had been subjected to multiple repainting during its years of service. The patterns of the overlapping paint repairs appear to present a formidable challenge, not only to quantification, but also even to detection of any corrosion that might exist on the rear surface of the skin underneath these front-surface patterns. The solution to this problem lies in time dependence of the skin's surface temperature. We have developed an algorithm that uses this time dependence to make a thermal wave measurement of the paint's thickness. A second algorithm then uses this information to determine the metal thickness, and hence the metal loss due to corrosion. The information in these algorithms are illustrated in Fig. 2 , which shows log-log plots of the time dependences of the surface temperature in the eight square boxes placed on the image in Fig. 1 . It can be seen from Fig.  2 that the temperature-time curves for different paint thicknesses separate horizontally at intermediate times, with the curves for thicker paint having greater time delays. This horizontal separation is used by the paint thickness algorithm. The metal thickness algorithm then combines this information and the vertical separation of the curves after they have flattened out at later times to quantify the metal loss. In Fig. 3 we show an example of a thermal wave image of a small patch of rear-surface corrosion on the DC-9 belly skin. This image was made at a time that was late enough that the contrast due to different paint thicknesses had faded away. In terms of temperaturetime plots, it was made well into the region at the lower right of Fig. 2 in which the curves are horizontal. It is only in this region that the corrosion becomes visible so that it can be identified and quantified. Once such an area of corrosion is identified, our metal thickness algorithm is applied to it, and the metal loss quantified. In the next section we show some of the results of such measurements during the blind test at AANC. Figure 4 shows a comparison of our thermal wave metal loss measurements with ultrasonic measurements for thirteen areas randomly selected from among those with rearsurface corrosion on the DC-9. In each of these areas thermal wave measurements were made at several points within the area. These are plotted as a cluster of vertical bars for each of the numbered areas. Superimposed on each of these clusters are the results of two separate measurements of the metal loss in the same area made by AANC personnel using conventional ultrasonic methods. These are plotted as crosses surrounded by circles. The agreement between the two methods is seen to be quite good. 
RESULTS

CONCLUSIONS
We have demonstrated that thermal wave methods can reliably measure rear surface metal loss on single aircraft skins in the presence of large variations in paint thickness.
